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Four overlapping eDNA clones were isolated from a lambda 
gt11 human placenta eDNA library using purified human 
IgG antibody, from a patient with bullous pemphigoid. The 
sequence was homologous to human placenta glutathione-S-
transferase-pi (GST-pi). Using the placenta clone, epidermal 
eDNA clones were isolated from a human keratinocyte li-
brary. Expression of GST -pi mRNA in human skin, cultured 
keratinocytes and fibroblasts, and disorders of squamous hy-
perplasia was demonstrated by Northern blotting and in situ 
hybridization. Human epidermal and placental eDNA clones 
T he glutathione-S-transferases (GST) are a family of enzymes containing at least three classes of isozymes (alpha, mu, and pi) that catalyze reactions involving electrophilic functional groups [1-4]. The impor-tance of these enzymes in cancer may be twofold as 
they detoxify carcinogens and also may lead to the development of 
drug resistance [5-7]. Several isoenzymes have been recognized in 
man and are thought to be different gene products [2,8]. The most 
active form of GST (pi or 3) found in placenta is markedly induced 
in r.reneoplastic hepatocytes, and can serve as a tumor marker [9-
12 . GST activity has been noted in human and rodent skin, with the 
main GST in human skin thought to be class pi and two alpha 
transferaSeS r13-1 ~l ~~ - - L . • _ r.l ,-,~~ : . .. I · -
hybridized to the same genomic DNA fragments. Hybridi-
zation of placental eDNA to interspecific somatic cell hy-
brids showed retention of chromosome 11, confirming the 
assignment of GST 3 to the long arm of chromosome 11 by 
molecular means. Anti-GST -pi antibody did not give a base-
ment membrane zone pattern, although some normal and BP 
sera contained antibodies to GST-pi. Human skin expresses 
glutathione-S-transferase-pi, which belongs to an enzyme 
family important for detoxification and carcinogenesis.] In-
vestDermato/95:119-126, 1990 
MATERIALS AND METHODS 
Library Screening A human flacenta eDNA expression library 
constructed in lambda gt11 [16 was the kind gift of Dr. Brian 
Knoll, University of Texas. 1.2 X 105 clones were plated on dupli-
cate nitrocellulose filters (Schleicher and Schuell, Keene, NH) and 
screened by the Young and Davis technique [ 17] at a density of 
2.4 X 104 plaques per 90-mm dish. The filters were incubated with 
BP IgG or normal IgG at 0.05 mg/ml in TTBS buffer (0.1% tween 
20, 0.1 M tris HCI [pH 7.5], and 0.9% NaCI) for 30 min at 37°C. 
Washing was done in TTBS 4 times, 1 min each. Human IgG ·..vas 
detected with biotinylated goat anti-human IgG and avidin-biotin-
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(Cionetech, Palo Alto, CA) was screened with the 32P-gamma CTP 
oligolabeled [1 8,19) placenta 0.63-Kb eDNA insert by standard 
methods [20). 
Antibodies The placental library was screened in duplicate with 
IgG from a patient with bullous pemphigoid (titer 1 :5120) and 
pooled heat inactivated normal human sera (Gibco Labs, Grand 
Island, NY) . Prior to screening, the IgG fractions were purified by 
50% ammonium sulfate precipitation followed by diethylamino-
ethy l cel lulose (DEAE)-cellulose chromatography. The IgG frac-
tions were pre-absorbed against phage-Escherichia coli lysates [17) . 
Goat anti-human IgG Qackson Immunoresearch Laboratories, 
Avondale, PA) was used as a second antibody. · 
In Situ Hybridization The 0.63-Kb eD NA Eco R1 insert froin 
pAKE 3.2 was subdoned into pBSM13+ and transcribed using T7 
or T3 polymerase (Strata gene kit, La Jolla, CA) and 35S-rUTP (spe-
cific activi ty, 15.2 TBq/mmol; Amersham, Arlington Heights, IL) 
for in situ hybridization as described [21]. A keratin eDNA probe 
(KB-2) [22) was used as a positive control and negative controls 
included pBSM13+ alone and GST-pi eDNA with the sense orien-
tation. Fresh tissue was fixed immediately in 4o/o paraformaldehyde 
for 2-4 h, followed by ethanol dehydration, and then embedded in 
paraffin for sectioning [21]. 
DNA Sequencing eDNA inserts obtained from four clones re-
stricted with Eco RI (Bethesda Research Laboratories , Bethesda, 
MD) were subcloned into M13mp1 9 for dideoxy chain termination 
sequencing [23]. Clones were sequenced in both orientations to 
verify the sequences, which were compared to Genbank using the 
Genetics Computer Group program Wordsearch. . 
Southern Blotting eDNA fragments were obligolabeled with 
35P-gamma CTP (specific activity , 3000 Cijmmo!; Amersham) 
using a kit (Boehringer Mannheim, Indianapolis, IN) to a specific 
activity of 109 cpm/,ug DNA [1 8,19) . Genomic DNA from human 
leukocytes was prepared (24] and digested with restriction enzymes 
(BRL and Boehringer-Mannheim) according to the manufacturers ' 
instructions. Ten or eleven micrograms of genomic DNA per lane 
was electrophoresed on 0.8% agarose gels. Southern hybridization 
[25) as modified by Wahl [26] was performed using Zetabind mem-
branes (AMF Cuno, Meridan, CT) according to the instructions . 
Lambda D NA and PhiX174 DNA digested with Hind III or HAE 
III w ere used as standard size markers (BRL). 
For somatic cell hybrid ana lysis, prehybridization was in 0.25 M 
NaP04 , 0.25 M NaC!, 5% SDS, 10% PEG, and 1 mM EDTA at 
42°C. Hybridization was in the same solution for 16 h with 107 
total cpm of labeled probe. Bands hybridizing to labeled probes 
were detected by autoradiography at - Boac for 1-3 d using 
Kodak-XAR film and Cronex screens. 
Northern Blotting Total RNA was prepared from unfrozen 
human skin biopsies and from human foreskin keratinocytes grown 
in serum-free conditions (MCDB 153 media) as described [27), 
from the human squamous carc inoma cell line A431 [28], and from 
explanted human ~ kin fibroblasts grown in Delbecco's modified 
Eagle's media (Irvme Sc1ent1fic , Santa Ana, CA) w1th 15o/o calf 
serum (Hazelton Research, Lenexa, KY) [29] using guanidine 
isothiocyanate [30). The optical density at 260 nm was used to 
calculate the amount of total RNA per sample and 20-40 ,ug per 
lane was electrophoresed on a 1.0% agarose-formaldehyde gel [20). 
T he 285 and 18S bands were visualized after ethidium bromide 
staining and the RNA were transferred to nitrocel lulose paper 
(Schleicher and Schue!!) as described (31 ). Filters were hybridized to 
labeled riboprobes transcribed in the sense and antisense orientation 
from the placental eD NA GST-pi pBSM13 plasmid. Filters were 
stripped and rehybridized (31) to the 1.0-kb Eco R1 insert from the 
epiderma l GST-pi clone (1 8, 19]. 
Derivation and Characterization of Somatic Cell Hybrids 
Somatic cell hybrid clone panels formed by polyethylene glycol-
mediated fusion of human lymphocytes to different Chinese ham-
ster ovary (CHO) cel l lines, defective for various DNA repair capa-
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bilities, were constructed previously [32]. These were hybridized b 
32P-gamma CTP oligolabeled pAKE 3.2 insert. The presence 14~ 
absence of human chromo~omes in each clone o.f th~ hybri? pane~ 
was determmed cytogenetically and by a combmat10n of JsozYnl. 
and Southern blot analyses of chromosomally assigned biochemic~ 
and molecular markers (32 -34]. 
Western Blotting Proteins from human epidermis were C)( 
tracted as described [35), separated by 7.5% SDS-polyacrylamid1 
gels [36), and electroblotted onto nitrocellulose membranes [37l 
Goat ann-human GST-pi antibody was the gift of Dr. Y.q: 
Awasthi, University of T exas, Galveston. Proteins were detecte 
using BP IgG, normal IgG, or anti-GST -pi as first antibodies an~ goa~ anti-human .IgG as sec~mdary an~ibody _with avidin-biotin d~ 
tect1on (Vectastam ABC kit). Prestamed h1gh molecular weig4 
markers (BRL) were used as a standard. \ 
RESULTS AND DISCUSSION 
Screening Placenta eDNA Expression Library By screenin 
a placenta library with BP IgG, we were attempting to isolate ~ 
eDNA for bullous pemphigoid antigen, a 230-kD basement melll' 
brane antigen (38,39), which is known to be present in hum \ 
amnion [40] . Four overlapping eDNA clones containing inserts ~ 
0.26, 0.43, 0.5, and 0.63 Kb in length were obtained. Because th 1 
library was screened in duplicate with normal human IgG, only th \ 
clones binding to BP IgG were purified to homogeneity by plaqu \ 
purification. \ 
DNA Sequence Analysis A partial restriction map of the longes 
eDNA clone pAK.E 3.2 is shown in Fig 1. The sequence was identi\ 
cal to the published sequence of human placental GST -pi [ 41 J e~\ 
cept for a C to G change at position 578 in the 3' untranslate~ 
portion. The eDNA clone lacked 70 base pairs at the 5' end and i 
95% homologous to rat placenta GST-pi eDNA sequences [42J. 11.\ 
the time the eDNA was first sequenced, this data was not availab!~ 
in the Genbank sequences. Thus, ~e proceeded to determine th 
chromosome localization and pattern of Southern hybridization a~ 
our eDNA probe. · 
Chromosome Localization of GST-pi The pAKE 3.2 (0 .6~ 
Kb) cD N A insert hybridized to three fragments of Hind III digeste,1 
human genomic DNA (20 .2, 6.8, and 5.2 Kb) . DNA from th' 
CHO cells also produced three fragments (7.9, 3.9, and 2.0 Kb)\ 
Since the human and CHO _fragments were clearly resolvable, th 1 
segregation of the human fragments was scored in a panel of 4~ 
Independent human X CHO somatic cell hybrids from whi~ 
human chromosomes were randomly segregated. The percent dis 
cordancy of the human fragments with each chromosome is sho\\~ 
in Table I. The 6.8-Kb fragment and the 5.2-Kb human £ragmen~ 
segregate with each other on chromosome 11 , whereas the 20.2-1\~ 
fragment segregates independently of the other two on chromo 
some 12. ' 
Hybridization of the eDNA was performed to two addition~ 
somatic cell lines containing the short arm of chromosome 11 [43) 
or a deletiOn of 11 p13 [44) . The eDNA hybridized to the hybri4 
clone containing the long arm of chromosome 11 (data not showll) 
Therefore, the assignments of sequences identified by the cDN~ 
probe co the long arm of chromosome 11 is consistent with th~ 
known location of the GST3 g.ene [45). This confirms by mo!ecul~ 
studws the previOus bwchemical assignment of the GST3 loc~ 
GST-2 (basic form) has recently been localized to chromosol1J~ 
6p12 by in situ hybridization, without cross hybridization to chro, 
mosomes 11 or 12 [46). The 20.2-Kb fragment segregating with 
chromosome 12 probably indicates the location of yet another GS'I' 
isoenzyme (probably GST-1) or of a pseudogene. There is no other 
known GST isozyme mapped to chromosome 12 as of the N inth 
International Workshop on Human Gene Mapping [47) . 
Epidermal and Placental GST -Pi eDNA Recognize the SaDJe 
Genomic Fragments In order to determine whether placen 
GST -pi was also the form of the enzyme expressed in epidermis, wt 
screened 4 X 105 recombinants from a human epidermal eDNA 
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ggcagatcagggccagagctggaaggaggaggtggtgaccgtggagacgtggca ggaggg 
AlaAspGl nGlyGlnSerTrpLysGl uG luValValThrValGluTh rTrpGlnGluGl 
7 0 90 110 
ctcactcaaagcctcctgcctatacgggcagctccccaagttccaggacggagacctcac 
yserLeuLysA1aSerCysLeuTyrGlyGlnLeu ProLysPheGlnAspGlyAspLeuTh 
130 150 1 70 
. . 
cctgt accagtccaataccatcctgcgtcacctgggccgcacccttgggctctatgggaa 
rLeuTyrGlnSerAsnThrileLeuArgHisLeuGlyArgTh r LeuGlyLe uTy rG l yLy 
190 210 230 
. . 
ggaccagcaggaggcagccctggtggacatggtgaatgacggcgtggaggacctccgctg 
sAspGlnGlnGluAl aAlaLe uVa lAspMetva lAs nAspGlyVa lGluAspLe uArgcy 
250 270 290 
. . 
caaatacatctccctcatctacaccaactatgaggcgggcaaggatgactatgtgaaggc 
sLysTyri leSe rLe u ileTyrThrAsnTyrGluAlaGlyLysAspAspTyrValLysAl 
310 330 350 
. . . 
a ctgcccgggcaactgaagccttttga gaccctgctgtccca gaaccagggaggcaagac 
aLeuProGlyGlnLeuLys ProPheGluThrLeuLe uS erGlnAs nGlnGlyGlyLysTh 
3 70 390 • 410 
cttca ttgtgggagacca gatctccttcgctgac tacaacctgctggacttgc t gctgat 
rPheileValGlyAspGlnileSerPh e AlaAspTyrAs nLe uLeuAspLe uLe uLe uil 
430 45 0 470 
• • 0 0 • 
ccatgaggtcctagcccctggctgcctggatgcgttccccctgctctcagcatatgtggg 
e HisGluValLeuAlaProGlyCysLeuAspAlaPheProLeuLe uS e rAlaTyrVa lGl 
490 510 530 
gcgcctcagcgcccggcccaagctcaaggccttcctggcctcccctgagtacgtgaacct 
yArgLeuSerAlaArgProLysLeuLysAlaPheLeuAlaSerProGluTyrValAsnLe 
550 57 0 590 
. . 
ccccatcaatggcaacgggaaacagtgagggttggggggactctgagcgggaggcagagt 
uProileAsnGlyAsnGlyLysGlnEndGlyLeuGlyGlyLeuEndAlaGlyGlyArgVa 
I 
610 630 c 
. . 
ttgccttcctttc tccaggaccaataaaatttc 
lCysLeuProPheSerArgThrAsnLysile 
A 
Eco Ava Nde1 Eco 
Bgl2 
pAKE 3.2 
epidermal eDNA clone 
8 
Eco 
I-I 
100 bp 
Figure 1. A: DNA sequence of human GST-pi eDNA clone pAKE 3.2. 
The human placental eDNA clone pAKE contains a 633-bp insert. The 
DNA sequence shown is exactly homologous to a reported human GST-pi 
eDNA sequence [41] except that it begins at position 66 of the eDNA and 
there is a silent G to C mutation at position 579 as shown by the arrow. The 
translation is given on line two. B: Restriction enzyme map of placental 
(pAKE 3.2) and epidermal eDNA. The epidermal clone contains .40 kb of 
artifact at the 3' end. 
lambda gtll library with the ·placental eDNA 0.63-Kb Eco Rl 
insert. Twenty-five recombinants were isolated and the DNA puri-
fied and restricted with Eco RI. The longest contained a 1-Kb 
eDNA (p-GST El.O) and there were several 0.7-Kb clones. Restric-
tion enzyme mapping and cross hybridizations of the placenta and 
epidermal clones showed that the epidermal eDNA extended 400 
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additional base pairs in the 3' direction (Fig 1B). Placental and 
epidermal eDNA inserts were hybridized to human genomic DNA 
digested with Eco RI, Hind III , Bam HI, and Pst 1. Both gave 
identical bands of the same intensity but the longer epidermal clone 
(P-Gst-E 1.0) hybridized to additional bands of 1.9 Kb (Pst 1) and 
11.0 Kb (Bam H 1) (Fig 2, arrows). Because the same fragments are 
recognized, this suggests that the epidermal and placental GST-pi 
enzymes are the products of the same gene. However, the extra 400 
base pairs of the epidermal clone does not hybridize to fragments 
consistent with the published genomic map [48). Therefore, the 
additional400 bp of3' sequence found in the epidermall-kb eDNA 
clone rrobably is the result of a eD NA cloning artifact. The struc-
ture o the human GST-pi gene has recently been published and is a 
7 exon gene of2.8 kb within a 10.8-kb Eco RI fragment of genomic 
DNA [48) . Both of the eDNA clones recognized an additional Eco 
RI fragment of 16.5 Kb, which could be another gene on chromo-
some 12 or a pseudogene. 
Northern Analysis of GST-pi mRNA in Cultured Cells and 
in Human Skin Placenta GST-pi eDNA hybridized to a 743-bp 
mRNA extracted from cultured human keratinocytes, from an epi-
dermal squamous cell carcinoma line A431, and from human fore-
skin fibroblasts (Fig 3). Hybridization of the riboprobe transcribed 
from the T3 promoter and linearized with Pvu II gave a positive 
signal, indicating that this was the anti-sense orientation. T he op-
posite orientation (T7 , Kpn I) failed to hybridize to a 743-bp 
mRNA. There was significant background hybridization to 28S and 
18S mRNA using the riboprobes in the Northern blot. A 743-bp 
mRNA was too small to code for a 230-kD bullous pemphigoid 
antigen, predicted to have an RNA greater than 7 Kb. It was the 
expected size for a 23-kD protein (GST-pi). The Northern blot was 
rehybridized to the epidermal eDNA 1.0-Kb Eco RI insert, giving 
exactly the same size mRNA hybridization fragments . The same 
size mRNA was detected from total mRNA (40 f.lg) extracted from 
superficial skin biopsies and analyzed by Northern blotting and 
hybridization (Fig 4) . 
In Situ Hybridization of GST-pi Riboprobes to Skin Sec-
tions In order to assess the pattern ofGST-pi mRNA expression 
in skin we used placenta GST -pi riboprobes for in situ hybridization 
studies. GST-pi mRNA was expressed in the amnion and placenta 
(data not shown). There was abundant expression in normal human 
epidermis, including the epidermal appendages (Fig 5C,D}. Hybri-
dization was also detected in the dermis at levels higher than the 
negative control (vector alone, Fig 5B; sense riboprobe, Fig 5E,F). 
Because glutathione-S-transferase-pi protein is barely detectable 
in normal tissue but is known to be induced in pre-malignant cell s, 
including cervical carcinoma and dysplasia [49), melanoz~as and 
dysplas tic nevi [50), and hepatocytes [9, 11- 13), we stud1ed the 
expression of GST-pi mRNA in three squamous cell carcmo'?as 
(Fig 6) and in v.arious disorders of epidermal hyperprol.1ferauon 
(Table II) . As in the normal epidermis, abundant GST-p1 mRNA 
was present (Fig 6C,D), compared to the negative sense riboprobe 
(Fig 6E,F) and the vector-only negative control (not sho~n). O_nly 
one genital wart failed to show abundant mRNA expressiOn 111 s1tu. 
Human Sera Contains Antibodies to GST-pi The clones iso-
lated using bullous pemphigoid IgG coded for GST-pi, an enzyme 
unlikely to play any role in the autoimmune disease bullous pem-
phigoid . However, anti-GST-pi did not produce a linear basement 
membrane immunofluorescence pattern of BP, expected if GST -pi 
were the BP antigen [51 J (data not shown) . 
When Western blots of proteins extracted from human epider-
mal keratinocytes were hybridized with antibodies, BP antisera rec-
ognized four bands: a 230-Kd band and three low-molecular-
weight bands of 2~- 30 Kd . The lowest band , 23 kd, stained 
strongly with goat anti-human GST-pi and was seen with all BP 
sera tested and also with some normal sera IgG fractions (Fig 7). 
This 23-kD protein band migrated exactl y with the GST-pi protein 
detected with anti-GST pi, suggesting that normal and BP sera 
contain antibodies to GST-pi. The abundance of these antibodies 
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Table I. Percent of Discordant Segregation• Between Each Human Fragment and Markers for Each Human Chromosome 
H uman Fragment 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 i6 17 18 19 20 21 22 X 
20.2 kb 49 47 49 45 53 47 43 55 43 51 34 6 58 43 47 53 30 43 47 49 40 38 38 
6.8 kb 30 32 34 43 38 32 46 40 45 40 6 30 47 28 40 51 49 40 28 34 34 24 45 
5.2 kb 30 32 34 43 38 32 46 40 45 40 6 30 47 28 40 51 49 40 28 34 34 24 45 
• Number of hybrids with fragment and not having the human chromosome plus the number of hybrids without the fragment and having the human chromosome divided by 47 
(total number of hybrids studies) times 100. 
could explain how GST -pi. might be cloned from a eDNA expres-
sion library, especially if the control IgG lacked GST-pi antibodies 
present in the BP IgG. Unfortunately, the normal IgG, used to do 
the duplicate screening, was no longer available for Western blot-
ting after the screening.Although normal human sera also contains 
keratin antibodies [52], our extraction procedure was not optimal 
for keratin, and we did not see the bands in the 40 - 60-kD range by 
the Western blotting. Bullous pemphigoid antigen is optimally 
seen using immunoprecipitation rather than Western blo tting (38] 
and the partial eDNA for the major BP antigen has recently been 
cloned [39]. 
CONCLUSION 
The presence of GST activity has been previously reported in 
human and rodent skin [13-15] and found to be due to GST-pi as 
well as two alpha forms ofGST [14,15] . However, in recent studies 
presented by Blacker, Olsen, arid Boyer, GST-pi protein was the 
only form of GST detected in keratinocytes by biochemical deter-
mination (53]. We have cloned and sequenced human placental 
GST -pi eDNA and used it to isolate epidermal eDNA. Northern 
and Southern blotting studies indicate that the epidermis and pia-
P. E p E 
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Figure 2. Results of Southern hybridizations of placenta and epidermal 
eDNA to human genomic DNA. H uman genomic DNA digested with Pst I 
or Bam HI was hybridized with oligolabeled eDNA inserts (1 X 109 
cpm/ jig) from the placental clone pAKE 3.2 (P). The stripped filters were 
rehybridized to the epidermal 1.0-kb eDNA insert (E). Both eDNA gave 
similar fragments: Bam HI 10.5, 5.6, and 2.6 and Pst I 3.0, 2.6, and 2.4 Kb. 
The longer epidermal clone also hybridized to an additional Bam HI 11.0-
Kb fragment (arrow) and a 1.9-Kb Pst I fragment (arrow) . Size markers 
(shown at right with thin arrows) were lambda Hind III (BRL). 
AS s E AS s E 
a b c d e g h k 
Figure 3. Results of Northern hybridization studies. Total mRN A (20 Jlg) 
from cultured A431 carcinoma cells (lanes a,c,e), human epidermal keratino, 
cytes (lanes b,d,j), and explanted dermal fibroblasts from 25- (lanes g,i,k) and 
40- lanes h,j,l) year-old donors were hybridized to placental eDNA 3~p, 
gamma CTP-labeled riboprobes in pbsM13+ in the antisense (AS) or sens~ 
(S} orientation. The fi lters were rehybridized to oligolabeled Eco R1 epider, 
mal eDNA insert (E). A 1-kb ladder (BRL} stained with ethidium bromid~ 
was used for size. Both the placenta antisense (AS) probe and the epidermal 
eDNA (E) hybridized to the same 743-bp GST-pi band (a rrow) . The 28S and 
18S bands also give non-specific hybridization. There is about fourfold 
greater expression in the epidermally derived keratinocytes compared tu 
dermally derived fibroblasts. 
1 2 3 4 
28S-
18S-
Figure 4. Northern analysis shows expression of GST -pi mRNA in huml!l 
skin. Total RNA extracted from two patients' superficial shave biopsies of 
normal skin loaded at 40 jig (latres 1,2) and 20 jig (lanes 3,4) was hybridized 
to the pAKE 3.2 633-bp eDNA insert (4 X 107 cpm). The filter was audion· 
diographed at -80oC with Cronex intensifying screens for 7 d. The a TTt>~o 
indicates the 743-bp mRNA relative to the positions of ribosomal RNA. 
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Figure 5. In situ hybridization of GST -pi riboprobes to normal human skin sections. A: GST -pi antisense probe hybridization to mRNA in the normal human 
epidermis, appendages (hair follicle), and dermis (magnification X17). B: pBSM 13+, vector alone negative control, normal human skin (magnification X34). 
C : GST -pi antisense probe to 40X magnification of section A. D: Dark field of C, magnification X34.?: GST -pi sense probe, negative control, magnification 
X34. F: Dark field of E, magnification X 34. 
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Figure 6. In situ hybridization of GST -pi riboprobes to human squamous cell carcinoma. A : Low-power view of a squamous cell carcinoma (rnagnilicarion 
XS.S). B: Positive control, Keratin antisense probe (magnification X34) hybridizes strongly. C: GST-pi antisense probe (magnification X34) shows positiv~ 
hybridization. D: Dark field of C. E: GST-pi sense probe {magnification X34) shows background hybridization. F: Dark field of E. 
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Figure 7. Results ofW estern blotting studies. Epidermal proteins extracted 
from cul tured epidermal keratinocytes were detected with goat anti-human 
GST-pi (latre 2), bullous pemphigoid IgG (latres 3-8), or normal IgG and 
the appropriate second antibody. In lane 2, the GST -pi band is indicated with 
the arrow, and com:sponds to the lowest band in lanes 3-9. A high-molecu-
lar-weight band (>200 kD) hybridizing to BP IgG is indicated by the upper 
arrow. High molecular weight size markers (200, 97.4, 68, 43, 25.7, 18.4, 
and 14.3) were from BRL (latre 1) . 
centa GST -pi arerroducts of the same gene, which we have mapped 
to the long arm o chromosome 11. A second possible GST locus on 
chromosome 12 was also found . GST -2 has been reported on cluo-
mosome 6 (46]. 
Numerous studies have reported that GST-pi protein is difficult 
to detect in normal tissues but is overexpressed in pre-neoplasia and 
malignant cells (10,12,49,50]. GST-pi protein is present by immu-
nohistochemical detection in dysplastic and carcinomatous h uman 
cervical epithelium (49]. Malignant melanomas express higher 
levels of GST-pi protein than do benign nevi (50]. In normal hepa-
tocytes, GST-pi mRNA is undetectable although small amounts of 
the protein are immunohistochemically detectable (10,11]. How-
ever, hepatocellular carcinomas overproduce GST-pi mRN A by an 
unknown mechanism, w h ich does not include gene amplification 
(10]. Recently, an inverse association has been drawn between 
GST-pi expression and estrogen-receptor content in human breast 
cancer [54]. GST -pi has been suggested to be an oncofetal protein 
that is expressed during carcinogenesis (55]. 
Our studies show that the mRNA for GST -pi is expressed in both 
normal epithelium and in hyperplasia and neoplasia. By Northern 
analysis, cultured keratinocyte mRNA expression did not differ 
quantitatively from A431 squamous carcinoma cells, but was four-
fold greater than in fibrob lasts. The expression of the mRNA in 
fresh skin biopsies was shown by Northern analysis. In situ hybridi-
zation showed that GST-pi mRNA was expressed throughout the 
epidermis and epidermal appendages as well as in the dermis. The 
expression of GST -pi mRN A was higher in skin than placenta by in 
situ but there was no apparent up-regulation of the mRNA in dis-
orders of squamous hyperplasia or malignancy. 
Table II. Analysis of GST-pi mRNA Expression in Disorders 
of Epidermal Hyperplasia 
Disorder Number Studied Result 
Normal skin 5 ++ 
Seborrheic keratosis 3 ++ 
Wart, common 1 ++ 
Wart, genital 1 
Keratoacanthoma 2 ++ 
Squamous cell carcinoma 3 ++ 
Mycosis fungoides 1 ++ 
Psoriasis 2 ++ 
PLACENTAL GLUTATHIONE-S-TRANSFERASE-PI mRNA 125 
The regulation and role of GST -pi in epidermal carcinogenesis, 
differentiation, and acquired drug resistance can now be studied 
using the eDNA probes. 
We tharrk Dr. Ronald Rapini and Dr. Leonard Goldbergfor biopsy tissue, Dr. Briatr 
Knoll for tire library arrd lrelpful diswssiotrs, Dr. Elaine Fuchs for the keratirr probe, 
arrd Dr. Y.C. Awasthi for the CST proteitr atrd atllibody for Westem blottirrg. 
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